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GROUND WATER IN THE CROW CREEK-SAND LAKE AREA,

BROWN AND MARSHALL COUNTIES, SOUTH DAKOTA

By F. C. Koopman

ABSTRACT

The Crow Creek—Sand Lake area is in the northeastern part of South Dakota and con-
sists of flat to gently rolling land. It is roughly 25 miles square and is bounded on the
west by the James River, on the north by the North Dakota State line, and on the 'south
and east by arbitrary land lines, Natural drainage, which is very poor, is augmented by
a now very dilapidated system of manmade drains; undrained or pootly drained potholes
and sloughs are common. Most of the report area is in the drainage basin of Crow Creek,
a tributary of the James River. About 60 square miles along the west border of the area
is drained directly by the James River; and about 36 square miles in the northeastern
corngt of the area is drained by the Wild Rice River, a tributary of the Red River of the
North,

Granite and other related rocks of Precambrian age underlie the entire area below a
depth of about 1,100 to 1,200 feet. Under part of the area these rocks are overlain by
the Sioux quartzite, also of Precambrian age. Next above is the Dakota sandstone of
Cretaceous age, which is about 250 feet thick and is the aquifer tapped by more than
600 deep wells in the area, The Dakota sandstone in turn is overlain by younger for-
mations of Cretaceous age, which include the Graneros shale, Greenhorn limestone,
Carlile shale, Niobrara formation, and Pierre shale. These younger formations have an
aggregate thickness of about 700 to 950 feet and generally do not yield water. Mantling.
the consolidated stratified rocks are unconsolidated deposits of Quaternary age that are
absent locally but in places are as much as 200 feet thick. These deposits consist
principally of glacial outwash, glacial till, and lake sediments and are the source of water
for all shallow wells in the area,

Precipitation is the principal source of recharge to the ground-water reservoir tapped
by the shallow wells. The water table ranges in depth from less than 1 foot to a little
more than 30 feet below the land surface; in July 1951 the depth to water was less than
S feet in 15 percent of the area and 5 to 10 feet in an additional 25 percent of the area.
Because the hydraulic gradient in most of the area is less than 10 feet per mile and be-
cause much of the water-bearing material is only slightly permeable, lateral movement of
the ground water in the unconsolidated deposits is exceedingly slow.

Transpiration by vegetation and evaporation account for most of the ground water dis-
charged in the area; relatively little ground water is discharged by streams, wells, and
springs, or as underflow out of the area, Much of the low-lying land is waterlogged. How-
ever, by improving and cleaning both the natural and artifical drains and by lowering the
water table by pumping, waterlogging can be materially decreased and its recurrence
prevented,
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INTRODUCTION
PURPOSE AND SCOPE OF INVESTIGATIONS

The purpose of this investigation was to ascertain the extent of
flooding and waterlogging in the Crow-Creek-Sand Lake area and to
relate the flooding and waterlogging to the occurrence and move-
ment of ground water. The investigation was one of several spon-
sored by the James River Basin Coordinating Group in connection
with its study and evaluation of the need for and desirability of
measures to prevent flooding, facilitate drainage, and promote ir-
rigation and soil conservation practices in the James River basin.
Representatives of various state and federal agencies, among them
the United States Geological Survey, are members of the James
River Basin Coordinating Group. This investigation was financed
by funds made available to the Geological Survey as part of the
program of the United States Department of the Interior for devel-
opment of the Missouri River basin. (See fig. 1.)

The field work was begun in the spring of 1951 and completed the
following fall. Both the field work and preparation of the report
were supervised by G. A. LaRocque, Jr., district engineer, Bis-
marck, N. Dak.
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Figure 1. —Map of the Missouri River basin showing areas in which ground-water studies have
been made under the program for the development of the Missouri River basin,
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PREVIOUS INVESTIGATIONS

Areas covered by several earlier geologic and ground-water
investigations of broad scope (Darton, 1896, 1905, 1909; Rothrock,
1943; S. Dak. State Plan. Board, 1937; and Todd, 1895, 1896), in-
cluded part or all of the Crow Creek—Sand Lake area. The report
of the South Dakota State Planning Board (1937) contains maps
showing the location of artesian wells in Brown and Marshall Coun-
ties and indicates whether the wells have a strong flow, a decreas-
ing flow, or have ceased flowing. Information onboth flowing and
nonflowing artesian wells is presented in reports on Brown and
Marshall Counties by the South Dakota State College Extension Serv-
ice (Searight and Meleen, 1940). A report by Watkins and Larson
(1925) describes in detail the soils of Brown County, and a report
by Johnson (1942) describes the physical land conditions in the
Brown-Marshall Soil Conservation District, which constitutes a
large part of the area described in this report. However, none
of these reports contain detailed information about the subsurface
deposits of Quaternary age or shallow ground-water conditions in
the Crow Creek—Sand Lake area. Two reports (Todd, 1909; Simp-
son, 1929) contain information on the geology and ground-water
resources of adjacent areas and were helpful to the writer in his
investigation of the report area.

PRESENT INVESTIGATION

Data pertaining to 273 shallow wells and 621 deep wells in the
area were compiled. A measurement of the depth to water was
made in all the shallow wells that could be measured readily.
From these measurements, plus measurements of the water level
in observation wells installed in the course of the investigation,
maps showing the depth to water in July and November 1951 were
prepared. The altitude of the measuring point of the wells was
determined by instrumental leveling, and from the calculated alti-
tude of the water table in July 1951 a water-table contour map was
prepared. Also the rate of flow from nearly all the deep wells
was recorded.

The U. S. Bureau of Reclamation, the U. S. Corps of Engineers,
and the U. S. Geological Survey drilled and logged 61, 9, and 74
test holes, respectively, Maps showing the thickness of the un-
consolidated deposits underlying the report area and of the con-
tour of the bedrock surface were prepared from the test-hole data
and from logs of 12 other test holes and wells drilled by commer-
cial drillers. The surficial geology was mapped by reconnais-
sance methods.
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Of the 144 test holes drilled by government agencies, 80 were
completed as permanent water-level observation wells for use in
this study; in addition, the U. S. Geological Survey constructed
61 wells and selected 81 privately owned shallow wells for obser-
vation of water-level fluctuations. Measurements of the water
level in these wells were made periodically. Maps showing the
rise and decline of the water table during the periods April-July
1951 and July—November 1951 were prepared from the recorded
measurements,

The stage of the water level or the rate of flow in both natural
and artificial drains was measured at 23 stations.
WELL-NUMBERING SYSTEM
Wells are numbered in accordance with the United States Bureau

of Land Management’'s system of land subdivision. The first nu-
meral of a well designation indicates the township, the second the
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Figure 2. —Sketch showing well-numbering system.
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range, and the third the section in which the well is situated. Low-
ercase letters after the section number indicate the well location
within the section: the first letter denotes the 160-acre tract, the
second the 40-acre tract, the third the 10-acre tract, and the fourth
the 23-acre tract. The letters a, b, ¢, and d are assigned in a
counterclockwise direction, beginning in the northeast corner of
each tract. The number of lowercase letters indicates the accu-
racy of the well location; if the well can be located within a2i-acre
tract, four lowercase letters are shown in the well number. For
example, well 127-58-23dabc is in the SWiNWiNEISE: sec. 23,
T. 127N., R. 58 W. If two or more wells are situated within the
same tract, consecutive numbers, beginning with 1, are added as
suffixes to designate the order in which the wells are described.
Test holes and gaging stations were assigned numbers according
to this same system. (See fig. 2) '

GEOGRAPHY

LOCATION AND EXTENT OF AREA

The Crow Creek—Sand Lake area is in northeastern South Dakota
(figs. 1, 3). The area is bounded on the west by the southward-
flowing James River, on the north by the North Dakota State line
and on the south and east by arbitrary land lines. It includes the
northeastern quarter of Brown County and the western half of Mar-
shall County. The area comprises approximately 600 square miles
of which a little more than half is included in the Brown-Marshall
Soil Conservation District.

The principal crops are grain, hay, and alfalfa, which are used
largely within the area for feeding cattle. Beef is the principal
product sent to outside markets.

The area is traversed by three railroads: Chicago, Milwaukee,
St. Paul and Pacific Railroad; Chicago and North Western Railway,
and Great Northern Railway. State Highway 10 extends eastward
and State Highways 25 and 37 extend northward across the area.
Britton, the largest town, has a population of 1,430 (1951). Other
towns in the report area having a population of more than 200 are
Claremont, Columbia, Hecla, and Langford; all are shipping points
for grain and produce and are distribution centers for agricultural
supplies.

Within the limits of the Sand Lake National Wildlife Refuge are
two low dams that pond the James River for a distance of about 14
miles, thus creating an ideal habitat for waterfowl.
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Figure 3. —Map of South Dakota showing physiographic provinces and the location of the area
described in this report.

CLIMATE

The altitude and latitude of the report area and its great distance
from large bodies of water account for the wide range in the daily,
monthly, and annual temperature. Below-zero temperatures are
frequent in winter, and, generally, temperatures of 100°F or high-
er are experienced at least once each summer. The hightemper-
atures, however, are usually attended by low humidity, which
greatly reduces the oppressiveness of the heat. The average grow-
ing season is about 135 days.

During the period 1914—51 the annual precipitation at Columbia,
in the southwest part of the report area, ranged from about 12.5
inches (1936) to about 36 inches (1916); the average for the period
was 20. 22 inches. (See fig. 4.) About three-fourths of the annual
precipitation falls during the growing season. Normally the wet-
test month is June, followed rather closely by May and July, and
the driest months are November to February, inclusive. As a rule
the snow cover 1S not great, but occasionally heavy snowfalls
occur. The average annual number of clear days is 173, partly
cloudy 104, and cloudy 88. Daily and monthly precipitation records
for 1951 at Columbia are reproduced graphically in figure 5.
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Figure 5, —Daily and monthly precipitation at Columbia, S. Dak., 1951, (From records of
U. S, Weather Bureau)

During the growing season the direction of the prevailing wind
is from the south-southeast, and during the rest of the yearit is
from the north-northwest. The wind velocity averages about 10
miles per hour.

No evaporation data were collected within the Crow Creek—Sand
Lake area during the period of this investigation. However, at
Redfield, S. Dak., Which is about 50 miles south-southwest of Co-
lumbia, the following data were collected by the U. S. Weather
Bureau during the period May through September 1951:

Evaporation from Class A land pan, Redfield, S. Dak., 1951

Inches Inches
May 7.98 |August 6,80
June.... 6.40 |September.... 3.80
July 751 | Total 3249

A study based on a 50-year record of Weather Bureau records in-
dicates that the average annual rate of evaporation from lakes and
reservoirs is about 40 inches in the general vicinity of the report
area (Minn. Water Res. Comm., 1942, p. 56 and map 4).

TOPOGRAPHY AND DRAINAGE

The Crow Creek—Sand Lake area is in the James Basin division,
as defined by Rothrock (1943), of the Central Lowlands physiogra-
phic province, as defined by Fenneman (1931). (See fig. 3.) Ap-
proximately three-fourths of the report area lies in the smooth,
nearly flat, low-lying bed of glacial Lake Dakota; the remainder of
the area is slightly higher and consists of gently undulating prairie
or moderately rough sand dunes. The flat lakebed is marked by
several undrained or poorly drained sloughs, and the prairie is
pitted by potholes (kettles) and, in places, is strewnwith ice-borne
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boulders. Although some of the surficial soil has been shifted con-
siderably by wind action, the configuration of the land surface

probably has not been altered significantly since the melting of the
last ice sheet that covered the area.

Most of the report area is within the drainage basin of Crow
Creek, which empties into the James River at the southwest cor-
ner of the area. Because under natural conditions Crow Creek did
not drain its basin adequately, artificial open drains were con-
stiucted in the early 1920's to augment natural drainage. The
main drain, Crow Creek Ditch, is 27 miles long and is fed by 53
miles of laterals and sublaterals from the northern and eastern
parts of the repart area. The main drain traverses Renzienhausen
Slough, but crosses only the northernpart of Putney Slough because
the southern part of that slough islower than the level of the James
River at its nearest point. Although the drains, when first con-
structed, are reported to have facilitated surface runoff, the flow
of water now is retarded by beaver and manmade dams, by trees,

brush, and cattails growing in and along the drains, and by slump-
ing of the drain sides.

Records of gage height and discharge at stations on the James
River and Crow Creek Ditch for the period April through October

1951 (see fig. 6 and table 1) show that the discharge was erratic
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Figure 6. —Map of the Crow Creek-Sand Lake area, South Dakota, showing the location of
surface-water gaging stations.
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in both amount and direction of flow. At several of the stations no
flow could be measured at any time during the period. Slumping
of the sides of the drain caused a reverse flow for a time at sta-
tions 125-61-2cd and 127-62-35cc; and near station 127-60-17da a
reverse flow flooded considerable acreage. For a distance of 17
miles from the confluence of Crow Creek Ditch and the James
River, the discharge of the drain did not increase in a downstream
direction and at some points along this stretch the drain was dry.

At the confluence of the river and the drain, the altitude of the
two water surfaces is nearly the same during most of the year.
During floods, however, the stage of the river is higher than that
of the drain, and because of the low gradient of the drain, river
water sometimes backs up in the drain for several miles. Gates
were installed in sec. 29, T, 125 N., R, 61 W., to prevent this
reverse flow, but after a time they ceased to function effectively
and the water overflowed onto the adjacent lowland. To prevent
such flooding, an earthen dike was constructed in sec. 24,T.124N.,
R. 62 W,, across the drain about 400 feet upstream from its con-
fluence with the river. (See pl. 1.) Although the dike also prevents
flow of water from the drain to the river,. this is of small conse-
quence because the stage of water in the drain rarely is higher
than that of the river.

Although the Crow Creek Ditch and its laterals do not effectively
remove water from the area, they do chann€l considerable water
from the higher land to low areas where such water is discharged
eventually by evaporation, transpiration, and, to some extent, in-
filtration to the ground-water reservoir.

About 60 square miles along the west border of the area
drains directly into the southward-flowing James River. In this
stretch the James River has a gradient of less than 0.3 foot per
mile and, where not dammed, it meanders in an intricate pattern
over its flood plain. Two low earthen dams create ponded areas.
Houghton dam, which is the northern dam, is located in secs. 35
and 36, T. 127 N., R. 62 W., and creates a lake, locally called
Mud Lake, which is about 8 miles long and 2 miles wide at its
widest point. Columbia Road dam, which is the southern dam, is
located in sec, 4, T, 125 N., R. 62 W, , and creates a shallowponded
area, locally called Sand Lake, which is about 10 miles long and
2 miles wide at its widest point.

About 36 square miles in the northeastern corner of the area is
drained by the northeastward-flowing Wild Rice River. Although
the divide between the drainage basins of the Wild Rice and James
Rivers appears insignificant tonographically, it actually is a part
of the continental divide between drainage to Hudson Bay and drain-
age to the Gulf of Mexico.
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GEOLOGY AND WATER SUPPLY

PRECAMBRIAN ROCKS

Granite and related Precambrian rocks underlie the reportarea
below a depth of about 1,100 to 1, 200 feet. Under at least part of
the area, the Sioux quartzite, also Precambrian, rests onthe gran-
itic rocks. Because adequate supplies of water are obtained from
younger rocks of shallower depth in this area, the drillingfor wa-
ter generally is terminated before the quartzite or graniteis
reached, and hence little is known of the lithologic character of
the Sioux quartzite or the other Precambrian rocks.

CRETACEOUS SYSTEM

Overlying the Precambrian rocks in the reportarea is a succes-
sion of thin-bedded to massive brown to buff sandstones inter-
bedded with some shale. These rocks do notcrop out inthe report
area but are known from well records to have an aggregate thick-
ness of about 250 to 300 feet. Where these rocks crop out in the
Black Hills of southwestern South Dakota, they have been subdi-
vided into three formations, which are, in ascending order, the
Lakota sandstone, the Fuson shale, and the Fall River sandstone,
The Fall River sandstone has not been identified in the eastern
part of South Dakota, but the true Dakota sandstone, a younger
formation, directly overlies the Fuson shale. In the Sand Lake—
Crow Creek area, however, these formations collectively are re-
ferred to as the Dakota sandstone, and are considered together as
a single aquifer. The top of this aquifer generally is reached at
depths of about 800 to 850 feet below the land surface.

The Dakota sandstone is the aquifer from which most of the
ground water in the area is obtained. The water in this aquifer is
under artesian pressure, and, in most of the report area, wells
tapping this aquifer flow at the land surface. East of Britton, how-
ever, the altitude of the land surface is greater than the altitude to
which the hydrostatic pressure will cause the water to rise. Darton
(1909) reported that a well, 1,000 feet deep, at Britton had a shut-
in pressure of 150 pounds per square inch (345 feet of head above
the land surface) and a flow of 600 gpm (gallons per minute). How-
ever, since 1909 the flow of many of the wells had either decreased
or ceased entirely (S. Dak. State Plan. Board, 1937; Searight and
Meleen, 1940). In 1951 the average pressure at the land surface
was about 10 pounds per square inch (23 feet of head above land
surface) for the wells then flowing. The flow from mostwells was
controlled by a valve or by a reductionin casing diameter, and the
flow from each individual well was small. An average flow of 3.4
gpm per well was computed for the 621 deep wells examinedin the
report area, The average depth of these wells is about 990feet.
(See table 2.)
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GEOLOGY AND WATER SUPPLY
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14 GROUND WATER, CROW CREEK-SAND LAKE AREA, SOUTH DAKOTA

On many farms, the chemical quality of the water from the
Dakota sandstone makes it unsuitable for either irrigation or do-
mestic use but the water is satisfactory for watering livestock.
Although-drilling a well to tap the Dakota sandstone is costly, the
flowing wells have proved good investments for farmers who re-
quire a constant supply of water for livestock. The maximum,
minimum, and average quantities of dissolved constituents in 57
samples of water from the Dakota sandstone (after Riffenburg,
1925, p. 50)are given below.

Parts per million

Maximum Minimum Average

Calcium (Ca) 204 5.0 60
Magnesium (Mg) 72 1.2 16
Sodium and potassium (Na+K) 1,710 3.0 629
Bicarbonate (HCO3) 1,400 49 662
Sulfate (SO4) 1,990 2.0 542
Chloride (Cl) 1,830 2.0 355
Total dissolved solids at 180°C 4,800 174 1,990
Total hardness as CaCO3 (calculated) 772 17 150

Overlying the Dakota Sandstone are shale, limestone, and chalk,
aggregating about 700 to 950 feet in thickness. These rocks have
been subdivided into five formations, which, in ascending order,
are the Graneros shale, Greenhorn limestone, Carlile shale, Nio-
brara formation, and Pierre shale. In nearby areas sufficient
water of suitable quality for domestic use is obtained from wells
tapping the Niobrara formation, but the meager water supplies
obtained from the Pierre shale generally are too highly mineraliz-
ed for human consumption.

The Pierre shale is the only bedrock formation exposed in the
report area. It crops out in the vertical slopes of a deeply incised
valley in sec. 12, T. 125N,, R. 58 W., about 93 miles south of
Britton, (See pl. 1.) Here the Pierre shale is a dark-gray fine-
grained uniform massive shale that weathers first into thin flakes
and then into black plastic soil; the shale is interbedded with
bentonitic layers that contain many fossil fish scales,

At the beginning of Quaternary (Pleistocene) time the Pierre
shale formed the entire land surface in the report area. The high-
est point was in the southeast corner where the present land sur-
face rises from the floor of glacial Lake Dakota to the higher lying
prairie hills, and the lowest point was beneath the center of the
north border of the report area. Apparently, at that time, the top-
ographic divide between the southward and northward drainages
was south of the report area. The configuration of the pre-Pleis-
tocene surface on the Pierre shale is shown by means of contour
lines on plate 1.
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QUATERNARY SYSTEM .
Unconsolidated deposits of Quaternary age lie at the surface in
the entire report area, except for the one small exposure of the
Pierre shale south of Britton. (See pl. 1.) These deposits con-
sist principally of glacial till and lake sediments of Pleistocene
age and of minor amounts of surficial dune sand and alluvium of
Recent age.

The report area probably was overridden several times by con-
tinental glaciers, but as yet there has been no correlation of the
glacial deposits with the individual advances of the ice, Till, an
accumulation of material deposited directly by glaciers, underlies
the entire report area but is exposed in only about one-fifth of the
area. The till of the ground moraine, which was deposited from
the bottom of the glacier or from within the ice during melting,
generally has a gently undulating surface; the till of the recession-
al moraines generally forms ridgelike accumulations built along
the edge of the ice sheet during temporary halts in the wasting
away of the ice. In the report area the exposed morainic deposits
are characterized by moderately rough topography and in many
places they are pockmarked by undrained depressions known as
potholes or kettles, some of which contained water in 1951,

Till is a heterogeneous assortment of rock fragments in a ma-
trix of clay and other fine-grained materials; within the till are
stringers of stratified silt, sand, and gravel. Soil formed on the
exposed morainic deposits is commonly stony because erosion by
wind and rain tends to remove the finer grained material first and
to leave behind the larger rock fragments. Where long exposed to
-weathering, the till generally is buff to brown and ferric oxide
staining is ecommon along the vertical fractures and in the hori-
zontal seams of the sand and silt. In places the effects of weather-
ing extend to a depth of 30 feet. The deeper, unweathered till is
generally gray or bluish-gray.

About three-fourths of the exposed unconsolidated deposits are
sediments that accumulated in glacial Lake Dakota, a large body
of water that temporarily filled the James Basin between a reces-
sional moraine on the south and the melting glacier on the north.
Glacial Lake Dakota drained when the ridge at its south end was
breached and through-drainage (the James River) was established.
The sediments that were deposited in the lake are well sorted and
laminated; they consist mostly of silt but include some clay and
fine sand. Although deposited on a fairly irregular morainic sur-
face, the lake sediments so completely filled all depressions that,
when the lake disappeared, its bed presented an extremely flat
surface that since has been altered only slightly by erosion.
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The flood plain of the James River is from three-fourths of a
mile to 2 miles wide and is underlain by alluvium consisting of
reworked lake sediments and glacial materials, Because the allu-
vium is similar in composition and water-bearing properties to
the adjoining lakebed deposits, it was not mapped as a separate
unit and is not distinguished on plate 1.

Dunes of fine windblown sand and silt mantle a total of about
40 square miles in the northeastern part of the report area. The
dune areas adjoin the west side of remnants of the recessional
moraines. (See pl. 1.)

The subsurface lithologic character of the unconsolidated de-
posits has been explored by test drilling. In general, much of the
material penetrated by test wells is clay and silt, but numerous
lenses of sand, mostly fine grained, and a few lenses of gravel
have been penetrated. Although some of the lenses of sand and
gravel are several feet thick, most of them are of local extent
only. The unconsolidated deposits range in thickness from slightly
more than 200 feet in the vicinity of Newark to a featheredge on
the periphery of the bedrock outcrop south of Britton; at the south-
west corner of the area the deposits are about 100 feet thick. The
thickness andlithologic character of the unconsolidated Quaternary
deposits are shown areally on plate 2. The logs of test holes in
the unconsolidated deposits are given in table 3,

The particle size and the liquid and plastic limits of the uncon-
solidated materials penetrated in the 9 holes drilled by the U, S,
Corps of Engineers are shown by the results of analyses made in
its laboratory at Omaha, Nebr. (See table 4.) Permeability and
porosity of 8 samples of unconsolidated deposits were determined
in the hydrologic laboratory of the U. S. Geological Survey in
Lincoln, Nebr,, and are given below. The porosity is reported in
percent of dry weight and the coefficient of permeability in Meinzer
units (Wenzel, 1942, p. 9).

Coefficient of
Test hole Material Il)ep;:h;;laow Porosity | permeability
no. eria an P C€ |(percent)| (gpd per
(feet) square foot)
Sand, very fin€icceneesmssssessensaracneed 21- 40 48,3 15
12461~ 8b sergee. '{Clay, sty and el g8 g 40 08
124-61- 9a........| Sand, very fine, 32- 40 48,1 2
Sand, very fine, 18- 28 65,6 3
124-62-1%b...... {Clay, sandy, 88- 90 42,2 3
Silt, sandy, 82~ 82,6 40,6 o4
126-61-30cc.. ..} Sand, gravellVeeesesssessesssesssnossem| 93~ 93,5 4.7 380
Clay, sandy. 11-112.8]  36.7 6
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GROUND WATER IN THE QUATERNARY DEPQSITS

The interstitial space in the unconsolidated deposits, which un-
derlie the land surface and mantle the bedrock in the report area,
is filled with water to a level that is at or close to theland surface
in the low-lying parts of the area and a little more than 30 feet
below the land surface under the topographically highest points.
(See pls. 3 and 4.) This water is said to be in transitory storage
because it is moving continuously, though slowly, from areas of
recharge to points or areas of discharge, Although the volume of
saturated sediments depends on the amount of water being added
to or discharged from the ground-water body, it probably remains
relatively constant.

Most of the ground water is either unconfined or under only
slight artesian pressure. At a few places, however, the water in
the lower more permeable beds is confined under sufficient arte-
sian pressure to cause the water toflow from wells drilled through
the confining layer. The surface of the unconfined ground water is
referred to as the water table, and the imaginary surface to which
artesian water will rise in wells is referred to as the piezometric
surface. The piezometric surface may be higher or lower or may
coincide with the water table in a given locality, and at some
places there may be more than one piezometric surface.

CONFIGURATION OF THE WATER TABLE AND PIEZOMETRIC SURFACE

If the water table were exposed to view, it would be seen to have
contours resembling those of the land surface but smoother and of
less relief. In general, the altitude of the water table is highest
beneath the topographically higher land surfaces and is lowest
along natural and artificial surface drainage courses. Thus, the
altitude of the water table is more than 1, 350 feet above sea level
in the area to the east of Britton, but along the lower reach of
Putney Slough the water table is less than 1,270 feet above sea
level. The slope of the water table ranges from less than 5 feet
per mile in most of the area to as much as 40 feet per mile locally.
(See pl. 5.)

The water table of the unconfined water probably differs only
slightly in slope and position from the piezometric surface, or
surfaces, of the somewhat deeper confined ground water in the
unconsolidated deposits. These surfaces so nearly coincide that
the distinction of one from the other is possible only by detailed
observation. Therefore, the water level at some of the control
points used in constructing the water-table map (pl. 5) may actually
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represent a piezomatric surface rather than the water table, so
that the map probably portrays an integration of these surfaces.

The depth to the water table varies from place to place with lo-
cal topography and from season to season with changes in re-
charge-discharge relation of the shallow ground water. Where the
water table intersects or approaches the land surface closely, the
land may become waterlogged. Although extensive waterlogging
was not observed during the period of field study for this report,
areas potentially subject to waterlogging are delineated in plates
3 and 4. Areas particularly subject to waterlogging are those in
which the water table was less than5 feet below the land surface in
both July and November. (See pls. 3 and 4.)

RECHARGE

Direct infiltration of precipitation is the principal means of re-
charge to the shallow ground-water reservoir. During periods of
high runoff the water level in the streams and drainage ditches
generally is higher than the adjacent water table, and consequently
considerable water seeps underground. Although the water-table
contours suggest that some water moves into the report area from
the north and from the east, the amount of water contributed to the
area by such underflow probably is relatively small, Locally, the
overflow from deep flowing wells seeps back into the ground and
recharges the shallow ground-water reservoir.

A soil mantle that readily absorbs water and a nearly flat land
surface dotted in places by small undrained depressions facilitate
the penetration of rain and melting snow into the ground. In 1951
the water table rose sharply in the early spring when the snow
melted and the ground thawed and it continued to rise through June
or July, the months of greatest precipitation. (See table 5, pl. 6,
and figs. 7 and 8.) Precipitation later in the year was not reflect-
ed by a further rise of the water table, probably because recharge.
to the ground-water reservoir then was exceeded by discharge
from it.

Relatively little water leaves the area as surface flow. Much of
the precipitation evaporates or is transpired by vegetation, and
the remainder either sinks into the ground or runs off into potholes
and sloughs. As a general rule water is retained in the potholes
only temporarily, some of it evaporating and the rest sinking to
the zone of saturation. The sloughs are swampy the year around.
Because the water table in the sloughs is close to the surface,
transpiration by cattails and other phreatophytic vegetation, to-
gether with evaporation, is the only means of discharge,.
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In the northwestern part of the area, the slope of the water table
away from the James River indicates that the river there is a
source of some recharge to the ground-water reservoir. (See
pl.5) The conditions that cause well 127-61-1da to flow probably
are brought about by the percolation of water from the river, and
perhaps underflow from the north also, into a rather extensive
. permeable bed overlain by aless permeable confining bed. Through-
out the eastern part of T. 127 N,, R. 61 W., the southern half of
T. 127 N.,R. 60 W., and most of T. 126 N., R. 60 W., the shallow
ground water is confined under sufficient artesian pressure to
raise water levels in wells to positions between the water table

and the land surface. (See pl. 2.)
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Figure 7.-—Hydrographs of the water level in wells 125-61-21cd, 125-61-32ab, 126-61-6aa,
) 127-59-33aa2, 127-60-2ab, and 128-61-34dd.
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Figure 8, —Hydrographs of the water level in wells 127-60-20aal, 127-60-20aa2, 127-60-26bbb1,
and 127-60-26bbb2,

Natural levees along the James River west of the southern part
of Putney Slough maintainthe river surface above that of the slough.
The water level in wells between the river and the southernpart of
the slough during June, July, and August, 1951, was intermediate
between that of the river and that of the slough. The hydraulic
gradient from the James River toward the southern part of Putney
Slough indicates that water from the river enters the ground-water
reservoir and moves toward Putney Slough. Because the water-
bearing beds have a low permeability, the amount of water moving
from the river into the slough probably is not very great in spite
of the relatively steep hydraulic gradient.

DISCHARGE

Transpiration by vegetation and evaporation account for most of
the discharge of ground water from the unconsolidated deposits of
Quaternary age. Relatively small amounts of ground water are
discharged by springs, wells, streams, and subsurface outflow.

Because the water table is generally shallow and the water-bear-
ing material is fine grained in much of the area, ground water may
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rise by capillarity to or near to the land surface. Even plants
having short roots may discharge ground water in such areas;
hence a very large aggregate surface is exposed to transpiration
by plant tissues. Each plant absorbing water from capillary tubes
that connect with the zone of saturation is, in effect, a pumplifting
and discharging ground water at the land surface., Direct evap-
oration from the zone of capillary water may account for some-
what less ground-water discharge. The order of magnitude of
discharge by evaporation and transpiration is better understood
when it is realized that about 40 inches of water evaporates an-
nually from free-water surfaces in this area (Minn. Water Res.
Comm., 1942, p. 56 and map 4). The amount and extent of water-
table decline during the season of high evapotranspiration is
shown by water-level measurements (table 5), by areal patterns
(pl. 7), and by hydrographs of the water level in selected wells
(figs. 7 and 8).

Springs and seeps are numerous on the slopes and in depres-
sions of the exposed morainic deposits. Such springs and seeps
result from infiltrating precipitation which moves downward until
it reaches a relatively impermeable layer and then moves later-
ally to the outcrop of that layer.

Approximately 270 wells in the report area tap the unconsoli-
dated deposits of Quaternary age. The depth of these wells ranges
from 3 feet to 204 feet, but only a few wells are deeper than 60
feet. Many of the wells less than30 feet deep are dug and tap only
slightly permeable materials. However, because the dug wells
are 2 to3 feet in diameter, they afford considerable storage space
for water., Such dug wells yield copiously until the water level is
lowered to the suction opening of the pump, at which time pump-
ing must be discontinued until more water has entered the well,
Most other wells less than 30 feet deep are driven wells that are
finished with a sand point. Wells more than30 feet deep are drill-
ed wells and locally are referred to as tubular wells. Their yields
range from less than 1 gpm to more than 100 gpm, depending on
the permeability of the water-bearing material tapped and on the
construction of the well, The tubular wells are more common in
the northeastern and southwestern parts of the report area, Gen-
erally, water from wells tapping only fine-grained material is of
poor quality but that from wells drilled into coarser material is
suitable for most uses. The total amount of ground water dis-
charged by all wells tapping the unconsolidated deposits is small
compared to that discharged by evapotranspiration,

Some ground water is discharged into the James River in the
stretch downstream from the center of T. 127 N. to Tacoma Park
and into the several sloughs that occupy the low-lying areas. In
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that part of the report area within the Wild Rice River drainage
basin all ground water not discharged by evapotranspiration or by
wells leaves by subsurface outflow to the northeast. It is unlikely
that ground water is discharged by subsurface outflow from that
part of the report area within the Crow Creek drainage basin, (See
pl. 5.) If, however, any water does leave the area in this way, it
would have to escape under the southern end of Putney Slough and
flow parallel to the river for some distance southward until the
gradient permitted entry to the river. It is considered unlikely
that this condition actually exists.

MOVEMENT

Ground water moves from areas of recharge toward areas of
discharge, In that part of the report area in the Wild Rice River
drainage basin, ground water moves northeastward; in the belt
1-5 miles wide bordering the east side of the James River from
the center of T. 127 N, southward to Tacoma park, ground water
moves toward the James River, All other shallow ground water,
except that which percolates toward pumping wells, moves toward
those low-lying places along Crow Creek and its tributaries where
discharge by evapotranspiration is greatest.

Other factors being equal, water within the zone of saturation
moves most rapidly through well-sorted coarse-grained material
and slowest through poorly sorted material containing a large pro-
portion of fine grains, Within a given type of material, however,
the rate of movement is proportional to the hydraulic gradient.
Because the Quaternary deposits are a complex of materials that
range widely in permeability, the rate of movement through them
differs widely from place to place, and the paths of movement are
devious. It is believed that within the zone of saturation the direc-
tion of movement ranges from nearly vertical (upward or down-
ward) to nearly horizontal,

In some places comparison of the fluctuations of the water level
in a shallow piezometer tube (small-diameter well) with those in
a deeper piezometer tube 1 or 2 feet away indicated that water was
moving upward from a zone of higher hydrostatic pressure into a
zone of lower hydrostatic pressure. (See fig. 8.) Such upward
movement of water may be one of the factors causing the high
water table in that part of the area where the piezometric surface
of water in the deeper unconsolidated report is higher than the
water table, (See pl. 2.)
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POSSIBLE DEVELOPMENT FOR IRRIGATION

Lenses of well-sorted sand and gravel that are recharged by
water moving from contiguous sediments having a high storage
capacity will yield water freely to properly constructed wells.
Many of the test holes that were drilled in the Crow Creek—Sand
Lake area penetrated such lenses within the zone of saturation in
the glacial drift. (See pl. 2 and table 3.) However, the possibility
of obtaining sufficient water for irrigation cannot be determined
until the hydrologic properties of the lenses and of the contiguous
materials have been ascertained. In North Dakota, just north of
the northwest part of the report area, the glacial drift yields suf-
ficient water for irrigation, but in the Crow Creek—Sand Lake area
additional test drilling is necessary to determine whether compa-
rable quantities of water can be obtained from the glacial drift
there. In some places it may be possible to obtain moderately
large yields from wells tapping well-sorted fine- to medium-grain-
ed sand of sufficient thickness, provided the wells are properly
constructed. Also, before any irrigation well is constructed, the
suitability of the water for irrigation should be determined by
chemical analysis.

CONCLUSIONS

The sloughs and adjacent waterlogged lands in the low-lying
parts of the report area are caused principally by inadequate sur-
face and subsurface drainage. Runoff is channeled intothe sloughs
by streams and drainage ditches, and there the water stands for
lack of gradient sufficient to cause continued flow toward the James
River. Consequently, under present (1951) conditions, evapotrans-
piration is the principal means by which discharge may effect a
significant lowering of the water table.

During years when precipitation is below normal, farming on
the low-lying areas is not seriously hampered by waterlogging.
However, in years of normal or above-normal precipitation much
of the low-lying area becomes tillable only after the water table
has lowered sufficiently for the soil to support the weight of farm-
ing equipment. No real improvement of this situation is possible
unless drainage can be improved. Necessary features of an im-
proveddrainage system would include the clearance of obstructions
from the established drains, the restoration of adequate gradient
in the drains, and the repair of the locks that prevent the backing
up of water from the James River into the Crow Creek Ditch.
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Drainage of Putney Slough by pumping the water into the James
River would bring about the steepening of gradients north and east
of the slough and would thus facilitate drainage in the entire Crow
Creek drainage basin., Greater pumpage from the shallow ground-
water reservoir would result in a lowering of the water table and
thereby create additional underground storage for water at times
when the natural surface drainage facilities are overburdened and
when evapotranspiration rates are low. The lowering of the water
table would make possible the rehabilitation of large tracts of low-
land not now suitable for farming and, during the growing season,
would result in a warmer soil in which seed germination and
growth would be accelerated.

Although much of the area appears to be ideally suited for irri-
gation, importation of water from outside the area would only add
to present drainage problems unless the drainage system could be
made more adequate. On the other hand, the utilization of the wa-
ter resources within the area for irrigation or other purposes
would aid in the disposal of the present excess of water,
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